Smoking high-nicotine cigarettes caused a significant increase in systolic and diastolic arterial pressure, heart rate, left ventricular end-diastolic pressure, and coronary sinus, arterial, and venous CO levels, no significant change in left ventricular dp/dt, aortic systolic ejection period, and cardiac index, and a significant decrease in stroke index and coronary sinus, arterial, and venous P02 levels in eight anginal patients with documented coronary disease. One week later, these patients inhaled 150 ppm of carbon monoxide until their increase in coronary sinus CO was similar to that produced after smoking their third cigarette. Inhaling carbon monoxide caused a significant increase in left ventricular end-diastolic pressure and coronary sinus, arterial, and venous CO levels, no significant change in systolic and diastolic arterial pressure, heart rate, and systolic ejection period, and a significant decrease in left ventricular dp/dt, stroke index, cardiac index, and coronary sinus, arterial, and venous PO2 levels. Nicotine caused the increased systolic and diastolic arterial pressure and heart rate after smoking. Carbon monoxide caused the negative inotropic effect which increased the left ventricular end-diastolic pressure and decreased the stroke index after smok- Received February 11, 1974; revision accepted for publication March 21, 1974. ing cigarette smoking for at least two reasons: (1) increased myocardial oxygen demand caused by nicotine and (2) reduced oxygen delivery to the myocardium, whether or not nicotine is present.
MOKING CIGARETTES causes anginal patients to have a significant decrease in exercise performance before the onset of angina pectoris.1-3 Smoking high-nicotine cigarettes",4'5 or low-nicotine cigarettes2'4 causes a significant increase in heart rate and in blood pressure but no significant change in systolic ejection period in anginal patients with documented coronary heart disease. This increase in blood pressure and in heart rate does not occur after smoking non-nicotine cigarettes.3 4, 6 However, smoking high-nicotine, low-nicotine, or non-nicotine cigarettes increases the carboxyhemoglobin level3 4' 7 which decreases the amount of oxygen available to the myocardium. Therefore, anginal patients develop angina sooner after exercise follow-ing cigarette smoking for at least two reasons: (1) increased myocardial oxygen demand caused by nicotine and (2) reduced oxygen delivery to the myocardium, whether or not nicotine is present.
We5 demonstrated in a hemodynamic study that smoking high-nicotine cigarettes significantly increased the systolic and diastolic arterial pressure, heart rate, and left ventricular end-diastolic pressure, did not significantly affect the left ventricular dp/dt, systolic ejection period, and cardiac index, and significantly decreased the stroke index and coronary sinus, arterial, and venous PO2 levels in 10 patients with angina pectoris due to documented coronary heart disease. These data caused us to wonder whether a negative inotropic effect on the myocardium caused by an increase in carboxyhemoglobin level or by nicotine was responsible for the significant decrease in stroke index in our anginal patients after smoking. Therefore, in eight anginal patients with coronary artery disease, we evaluated the effect of cardiovascular hemodynamics of smoking high-nicotine cigarettes and of breathing sufficient carbon monoxide to raise the coronary sinus carboxyhemoglobin level similar to that occurring after smoking. Table 2 shows the heart rate for each anginal patient before and after smoking and before and after breathing 150 ppm of carbon monoxide. The mean heart rate was significantly increased after smoking compared to the control period (LSD = 3.6; P < 0.001). Thirty minutes after smoking cigarette 2, the mean heart rate was significantly decreased compared to after cigarette 2 (P < 0.001) but was still significantly increased compared to the control period (P < 0.001). The mean heart rate did not significantly change after breathing 150 ppm of carbon monoxide. Table 3 reveals the left ventricular dp/dt for each anginal patient before and after smoking and before and after breathing 150 ppm of carbon monoxide. The mean left ventricular dp/dt was not significantly changed after smoking compared to the control period but was significantly decreased after breathing 150 ppm of carbon monoxide (t = 18.16; P < 0.001). Table 4 indicates the left ventricular end-diastolic pressure for each anginal patient before and after smoking and before and after breathing 150 ppm of carbon monoxide. The mean left ventricular enddiastolic pressure was significantly increased after smoking cigarette 1 compared to the control period (LSD = 0.8; P < 0.01) and after smoking cigarettes 2 and 3 (LSD = 1.2; P < 0.001) but was not significantly changed 30 minutes after smoking the second cigarette. The mean left ventricular enddiastolic pressure was significantly increased after breathing 150 ppm of carbon monoxide (t = 3.74; P < 0.01). Table 5 shows the cardiac index for each anginal patient before and after smoking and before and after breathing 150 ppm of carbon monoxide. The mean cardiac index was not significantly changed after Table 3 Left Ventricular dp/ Table 8 reveals the arterial CO level for each anginal patient before and after smoking and before and after breathing 150 ppm of carbon monoxide. The arterial CO level was significantly increased after smoking compared to the control period (LSD = 0.17; P < 0.001). Thirty minutes after smoking cigarette 2, the arterial CO level was significantly decreased compared to after smoking cigarette 2 (P < 0.001) but was still significantly increased compared to the control period (P < 0.001). A significant increase in mean arterial CO level occurred after breathing 150 ppm of carbon monoxide (t = 57.67; P < 0.001). Table 9 reveals the venous CO level for each anginal patient before and after smoking and before and after breathing 150 ppm of carbon monoxide. The venous CO level was significantly increased after smoking compared to the control period (LSD = 0.17; P < 0.001). Thirty minutes after smoking cigarette 2, the venous CO level was significantly decreased com- 1  20  19  18  19  17   22  19  2  22  21  20  21  19  23  19  3  22  21  19  20  19  20  17  4  21  20  19  20  19  21  18  5  23  22  21  22  20  21  18  6  22  21  20  20  19  22  19  7  20  19   18  19  18  20  17  8 sinus PO2 level was significantly increased compared to after smoking cigarette 2 (P < 0.001) but was still significantly decreased compared to the control period (P < 0.001). A significant decrease in mean coronary sinus P02 level occurred after breathing 150 ppm of carbon monoxide (t = 25.00; P < 0.001). Table 11 shows the arterial P02 level for each anginal patient before and after smoking and before and after breathing 150 ppm of carbon monoxide. The mean arterial P02 level was significantly decreased after smoking cigarettes 2 and 3 compared to the control period (LSD = 1.40; P < 0.001). Thirty minutes after smoking cigarette 2, the mean arterial P02 level was significantly increased compared to after smoking cigarette 2 (P < 0.05) but was still significantly decreased compared to the control period (P < 0.001). A significant decrease in mean arterial P02 level occurred after breathing 150 ppm of carbon monoxide (t = 19.86; P < 0.001). Table 12 indicates the venous PO2 level for each anginal patient before and after smoking and before and after breathing 150 ppm of carbon monoxide. The mean venous P02 level was significantly decreased after smoking compared to the control period (LSD = 0.86; P < 0.001). Thirty minutes after smoking cigarette 2, the mean venous P02 level was significantly increased compared to after smoking cigarette 2 (P < 0.001) but was still significantly decreased compared to the control period (P < 0.001). A significant decrease in mean venous P02 level occurred after breathing 150 ppm of carbon monoxide (t = 25.97; P < 0.001).
Discussion
The increase in carboxyhemoglobin levels after smoking34' 7 reduces myocardial oxygen delivery. We found in this study that smoking caused a significant increase in coronary sinus, arterial and venous CO levels and a significant decrease in coronary sinus, arterial, and venous P02 levels with partial recovery within 30 minutes after smoking.
Ayres and co-workers8 showed that an acute rise of the venous carboxyhemoglobin level from 0.66% to 8.69% in four patients with coronary heart disease Regan and associates" demonstrated a significant increase in mean arterial pressure and in heart rate but no significant change in cardiac index after eight patients with a healed myocardial infarction smoked two standard nonfilter brand cigarettes in about 25 minutes. Pentecost and Shillingford'0 observed a significant increase in heart rate and in arterial pressure, no significant change in cardiac output, and an average reduction of 8% in stroke volume after 14 patients with a previous myocardial infarction smoked one standard brand cigarette. Frankl and co-workers'1 showed a significant rise in heart rate but no significant change in stroke volume or cardiac output after eight patients with a healed myocardial infarction smoked two standard filter tip cigarettes within 10 minutes. Summers and associates12 demonstrated a significant increase in heart rate and in aortic systolic and diastolic pressure but no significant change in systolic ejection period after 15 anginal patients with angiographically documented coronary artery disease smoked two regular commercial cigarettes for a total of eight to 10 minutes.
Nicotine absorbed during smoking increases catecholamine discharge from the adrenal medulla and from chromaffin tissue in the heart, causing an increase in blood pressure and in heart rate.`1 Nicotine also acts on chemoreceptors in the carotid and aortic bodies reflexly causing an increased blood pressure and heart rate.'4 In addition, low concentrations of nicotine can stimulate sympathetic ganglion cells.
In this study, we observed a significant increase in arterial systolic and diastolic pressure and in heart rate after smoking but not after breathing 150 ppm of carbon monoxide. These hemodynamic changes partially recovered within 30 minutes after smoking. Therefore, the rise in blood pressure and in heart rate after smoking cigarettes can be attributed to absorbed nicotine.
We also demonstrated no significant change in left ventricular dp/dt after smoking but a significant decrease in left ventricular dp/dt after inhaling 150 ppm of carbon monoxide. The increase in heart rate, blood pressure, and positive inotropic effect induced by nicotine should have increased the left ventricular dp/dt after smoking. However, these factors were offset by a negative inotropic effect caused by carbon monoxide, resulting in no significant change in left ventricular dp/dt after smoking.
The stroke index significantly decreased in our anginal patients both after smoking cigarettes and after breathing 150 ppm of carbon monoxide. The negative inotropic effect on the myocardium caused by an increase in carboxyhemoglobin level after smoking and after breathing 150 ppm of carbon monoxide was responsible for the significant decrease in stroke index in our anginal patients. The nicotine absorbed while smoking did not significantly affect the stroke index because its positive inotropic effect was offset by an increase in heart rate and afterload. The negative inotropic effect caused by inhaling carbon monoxide also significantly raised the left ventricular enddiastolic pressure after smoking.
Finally, the cardiac index in our anginal patients did not significantly change after smoking cigarettes but significantly decreased after breathing 150 ppm of carbon monoxide. The rise in heart rate due to nicotine compensated for the decrease in stroke Circulation, Volume .50 Auigust 1974 volume produced by the carbon monoxide inhaled during smoking, resulting in no significant change in cardiac index after smoking. However, the cardiac index was significantly decreased after breathing 150 ppm of carbon monoxide because the inhaled carbon monoxide significantly decreased the stroke index and did not significantly affect the heart rate.
